The reinforcement of polymeric structures by asbestos fibrils  Final report, 1 Apr. 1965 - 30 Apr. 1966 by Schwartz, A. M. et al.
i 
r * 
GPO PRICE s 
CFSTI PRICE(S) $ 
https://ntrs.nasa.gov/search.jsp?R=19660025380 2020-03-16T20:13:18+00:00Z
. 
P -  
.a'. 
To: R e c i p i s c t s  of Progress  R e p n r t s  o n  Ccnt rzc t  N A S i G - l L a Z ,  
T!>e Re in fo rce twn t  of P o l ~ i ~ e r  i t St ruc t i i r e s  by Asbestos  
F i b r i l s "  by I I a r r l s  Research Labc:atcrses,  Incorpccated.  
(I 
The F i n a l  Xepcrt ,  covering t h e  p p r i o d  Ap?;I  1, 1965 t o  
A p r i l  30,  1956, was i n a d v e r t e n t l y  s u b n i t t e d  w i t  iout F i g u r e s  
i and 2. Enclosed i s  'ihe page wi th  t h e  miss ing  Figures  1 
and 2 ,  which shou ld  be e t t a c h e d  t o  t h 3  F i n a l  X:pori. 

I .  











I .  
This  program has  been concerned wi th  the reinforcement  of po l jwer i c  
s t r u c t u r e s  by u l t imare  a sbes tos  f i b r i l s  (abbrevia ted  UAF) having diarreters  
i n  t h e  range of 250 t o  500 Angstroms. Techniques have been worked ou t  f o r  
(1) d i s p e r s i n g  convent ional  asbes tos  f i b e r s  i n t o  these  extremely f i n e  UM. 
(2 )  i nco rpora t ing  t h e  UAF as reinforcements  i n  polymeric ma t r ixes ,  and 
( 3 )  forming sheet-form composites s u i t a b l e  f o r  t e n s i l e  t e s t i n g .  Novel 
d i s p e r s i n g  techniques were d i scovz rec l  which enabled t h e  d i s p e r s i o n  t o  U U  
t o  be car r ied .  ou t  d i r e c t l y  i n  organic  so lven t s  f o r  t h e  matrix r e s i n s ,  PI 
ir! l i q u i d ,  moiioxeric, r e s i n  p recu r so r s .  Composites were a l s o  prepared f r o x  
novel  types of aqueous d i spe r s ions  of UAF i n  which water -so luble  r e s i n  pre-  
c u r s o r s  were employed as t h e  d i spe r szzzs  . 
Papers of  a l l  UAF, no t  conta in ing  r e s i n ,  were found t o  be s e v e r a l - f c l d  
s t r o n g e r  than a comaercial  paper  comprising mixed UAF sild rr.acrosco2ic 
a sbes tos  f i b e r s  (MF), clespite the f a c t  t h a t  t h e  commercial paper WLS zude 
from o r i e n t e d  f ihrers  whereas the UAF papers  prepared were i s o t r o p i c .  The 
UAF disp layed  a r e i n f o r c i n g  e f f e c t  i n  a v a r i e t y  of polymeric ma t r ixes .  
However, t h e  r e s in -con ta in ing  composites r e in fo rced  s o l e l y  by UAF ( i s o t r o p i c )  
were no t  s i g n i f i c a n t l y  s t r o n g e r ,  on a p s i  b a s i s ,  than  colnposites r e in fo rced  
by t h e  orj-ented PF/UAF’ mixed Libers of the comnercial  paper .  
Cospos i tes  con ta in ing  up t o  20% s u r f a c t a n t  depos i ted  or! t he  U h F  were 
equal o r  g r e a t e r  ir, s t r e n g t h  than coinposites con ta in ing  no s u r f a c t a n t .  
I n  t h e  UAF-reinforced con?pbsites t e n s i l e  s t r c n g t h s  v c r e  found t o  be 
roughly p ropor t fona l  t o  the  length-  to -6 ;amter  r a t i o s  of t he  f i b i i  1s.  
- 1 -  
FIarrls Rcs:-.^rch Labora to r i e s ,  Inc-, 
. .  
I. INTROIXJCTION 
The p r i n a r y  o b j e c t i v e  of t h i s  prograltl h a s  been t o  determine t h e  scruc-  
t u r a l  p o t e n t i a l  o f  a s b e s t o s  f i b r i l s  enployed a s  re inforcements  i n  polymeric 
matrixes. The u s e  of u l t i m a t e  asbes tos  f i b r i l s  (UAF) of 250-500 bngstrom 
diameter has  been emphasized i n  t h i s  program because of t h e  expected s t r e n g t h  
advantages of UAF over convent ional  macroscopic a s b e s t o s  f i b e r s  (W). The 
HF, whose diameters  range up t o  100 microns o r  more, are  a c t u a l l y  very  t i g h t  
agglomerates of UAF bonded 1a:erally by weak c r y s t z l  f o r c e s .  On a p s i  b a s i s  
t h e  f l a w l e s s  LTM should be super ior  t o  t h e  PF agglonera tes .  Work under t h i s  
program has  been d i r e c t e d  toward r e a l i z i n g  t h i s  p o t e n t i a l  s t r e n g t h  advantage 
of UAF i n  asbestos/pol jmer  composite s t r u c t u r e s .  111 zpprcaching t h e  problem 
of UAF re inforcement  work has been conducted i n  t h z  two t a s k  a r e a s  s p e c i f i e d  
i n  <he c o n t r a c t  "statentent of work" as f o l l o w s :  
"1. F i b r i l  Dispersion Processes  - Hydrophilic acd hyd-ophobic d i spe r -  
s i o n  processes  s h a l l  be i n v e s t i g a t e d  t o  determine t h e  fol lowing:  
a. The processes  which y i e l d  che most p r a c t i c z l  specimens f c r  d e t e r -  
minat ion of p h y s i c a l  p r o p e r t i e s .  
b. Processes  which zppear t o  y i e l d  higher p h y s i c a l  p r o p e r t i e s  1.7hen 
conibineJ as composites.  
2 .  Determination of S t r u c t u r a l  P o t e n t i a l  - Analyirical and e x p e r i n e n t a l  
methods s h a l l  be used t o  e x p l o r e  t h e  p o t e n t i a l  €or a s b e s t o s  f L b r i l s  as 
s t r u c t u r a l  matcTials and s h a l l  include t h e  following: 
a .  P o r e n t i a l  rnzximum usable phys!.cal p r o p e r t i e s .  
b.  Foms and condl t ions  f o r  f i b r i l s  arid f l b r i l  coniposites wliich w i l l  
develcp f u l l  p o t e n t i a l .  
1 1  c .  Problea  a r e a s  which need s o l u t i o n  p r i o r  t o  achieving i t e m  a.  
This F i n a l  Report  SunTarizes t h z  ~ o r k  done  i n  t h e  one )'ear c o n t r a c t  
p e r i o d .  
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11. DISCL'SSION 
, The determina t ion  of t h e  s t r u c t u r a l  p o t e n t i a l  of a sbes tos  f i b r i l s  r e l i e s  
. on t h e  p repa ra t ion  and t e s t i n g  of s u i t a b l e  composites,  i . e . ,  composites which 
w i l l  y i e l d  meaningful t es t  d a t a  in  r ega rd  t o  t h e i r  phys i ca l  p r o p e r t i e s .  I n  
a t tempt ing  t o  produce s u i t a b l e  UAF-reinforced composites t h r e e  major problem 
areas a r e  encountered, each having an important bear ing  on t h e  performance 
of t h e  f i n a l  composite.  I n  broad terms these  t h r e e  b a s i c  problems a re :  (1) 
a t ta inment  of complete conversion of F F  t o  UAF, (2) a t ta inment  of good adhesion 
betrween t h e  UAF and t h e  mat r ix  m a t e r i a l ,  and ( 3 )  ett t i inment of a wel l -engineered ,  
vo id - f r ee  composite i n  which t h e  UAF and ma t r ix  a r e  not segrega ted .  
are  d iscussed  below. 
Giese 
(1) I n  a t t a i n i n g  coriipl.ete conversion of  PIF t o  UAF we have found t h a t ,  
by s e l e c t i n g  t h e  proper  d i spe r s ing  technique and t h e  proper  d i spe r s ing  iliedium 
f o r . t h e  a sbes tos ,  UAF can be produced i n  a range  of length- to-diameter  r a t i o s .  
S ince  t h e  UAF i n  Chryso t i l e  asbes tos  have f a i r l y  uniform diarneters,  i n  t h e  
range  of 250-500 Angstroms, t h e  only geometric v a r i a b l e  i s  t h e  f i b r i l  l ength .  
We have explored a number of d i spe r s ing  techniques and eniplgyed a va r i e t j l  of 
d i s p e r s i n g  media i n  o rder  t o  o b t a i n  UA>F i n  a rnngs  of l eng ths .  
t a i n e d  by l i g h t  microscopy i f  t h e  d i spe r s ions  were f r e e  of l a r g e  PF s p l i n t s  
We bavc a s c e r -  
(over about 2 microns diameter)  and a s c e r t a i n e d  i n  a sFngl2 series of e l e c t r o n  
n i c roscope  observa t ions  i f  c m p l e t e  d i s p e r s i o n  t o  UAF ~7a.s achieved.  The l eng th  
and diameter of t h e  UAF have a l s o  been determined us ing  t h e  e l e c t r o n  n?icroscope. 
Novak teaches  i n  U. S. Pat-ent 2,626,213 t h a t  a sbes tos  can be  d ispersed  
t o  LTiW by prolonged s t i r r i n g  i n  se l ec t ed  aqueous s u r f z c t a n t  s o l u t i o n s .  We 
hnve n o t d  t h a t  d i s p e r s i o n s  prepared by Novsk's nethod conta in  much M? i n  
a d d i t i o n  t o  the UkF arid t h e  s u r f a c t a n t .  We have f i l t e r e d  d i s p s r s i o n s  of 
th:s type  t o  remove the  l a r g e  MF and  obtained t h e  UAF f r a c t i o n  i n  t h e  f i l t r a t e .  
a l c o h o l  o r  by ariding enough water t o  reduce t h e  s u r f a c t e n t  c o ~ . c e n t r a t i o n  
. .  
below the l e v e l  needed t o  s t a b i l i z e  t h e  coll .oida1 suspension.  
of t hese  UAF a r e  extremely long ( i n  compa.rison t o  t h e i r  diameter)  as evidenced 
by t h e  f a c t  t h a t  they  r e a d i l y  s p i n  onto a s t i r r i n g  rod t w i r l e d  i n  the  co- 
agu la t ed  suspension.  
A pol-tron 
We have found t h a t  b a l l  mi l l i ng  of IF i n  aqueous s u r f a c t a n t  solut iorrs  
produces d i s p e r s i o n s  sornewhat s imilar  t o  t h e  s t i r r e d  d i s p e r s i o n s .  Like t h e  
s t i r r e d  d i s p e r s i o n s ,  bo th  MF and IT& are p r e s e n t  an6 f i l t r a t i o n  and coagu- 
l a t i o n  can be used t o  c o l l e c t  t h e  Urn. 
We have a l s o  cb ta ined  UA?? by e x t e n s i v e l y  m i l l i n g  MF/surfactar, t  d i spe r -  
s i o n s  wi th  h igh  shear  ( e .  g. i n  an O s t e r t z e r )  . This  technique i s  [Tiare r ap id  
a n d  thorough than  the  s l o ~ ~ ,  Novak-type s t i r r i n g  o r  b a l l  m i l l i n g  and cssen- 
t i a l l y  10G% d i s p e r s i o n  t o  UAF can be achieved.  However, t he  ITAF obta ined  
t h i s  way are s h o r t e r  than  t h e  UAF recovered from ba l l -mi l l ed  o r  f;ovek-slli'.rred 
a s b e s t o s .  This  i s  evidenced q u a l i t a t i v e l y  by t h e  f a c t  t h a t  no "splnnahle"  
U A F  i s  p r e s e n t .  
I n  a d d i t i o n  t o  the  aqueous s u r f a c t a n t  s o l u t i o n s  we have d i  ocovei-ed a 
second type  of d i s p e r s i n g  medium f o r  a sbes tos .  
o rgan ic  l i q u i d s  effectively d i s i n t e g r a t e  a sbes tos  t o  UbJ wh2.n s u i t a b i t  
a g i t a t i o n  i s  employed. The organic  l r q u i d s  employed appear t o  be l e s ?  
e f f  i c i e n r  d i s p e r s e r s  than  t k e  b e t t e r  s a r f a c t a n t  s o l u t i o n s .  I ios~ever,  w i th  
h igh  speed shea r ing  e s s e n t i a l l y  100% d l s p e r s i o n  t o  UAY has  bsen achieved .  
Although t h e  UAII tend t o  be s h o r t e r  than  those  obta ined  wi th  s u r f a c t a p t  
d i s p e r s a c t s  (and,  indeed,  no sp innable  UAJ? has  been obta tned  from t h e  organic  
l i q u i d  d i s p e r s i o n s ) ,  t hese  organic  media have s e v e r a l  va luab lc  a t t r i b i . ? t e s .  
F i r s t ,  t he  v c i l a t i l e  ozganics  (g lyco l s ,  amines) can be completely rermred 
from t h e  &?F by evapora.t ion,  l eav ing  n=\ r e s idue .  Second, t h c  o rgan ic  media 
W e  have fo.;n3 t h a t  c e r t - a i n  
Harris Rescei-ch Labora tor j  es  , Inca 
can  Serve as s o l v e n t s  f o r  a ma t r ix  r e s i n  thus  a l lowing  an in t ima te  mixing 
of t h e  r e s i n  with d ispersed  IT.422 before removing the  so lven t  i n  forming t h c  
f i n a l  des i r ed  composite.  Th i rd ,  the organic  media can  se rve  as p recu r so r s  
o r  components of t h e  ma t r ix  r e s i n .  For example, w e  have d i spe r sed  PF t o  Urn 
i n  l i n o l e i c  a c i d  arid d i r e c t l y  formed corr,posites w i th  good s t r e n g t h s  by hea t -  
c u r i n g  the  mixtures  t o  polymerize t h e  l l n o l e i c  a c i d .  
A novel method of mixing UAF and monomeric r e s i n  p recu r so r s  has  a l s o  
been developed. I n  t h i s  method we have converted t h e  monomer t o  a soap 
( e . g .  l i n o l e i c  a s i d ,  amxoniuni o r  morphclline soap) and w e d  an aqueous s o l u -  
t i o n t i o n  of t h i s  s02.p as t h e  d ispers inf ,  medium f o r  asbesiros. T h m ,  cs  the 
asbes tos  i s  d i spe r sed  t o  UAF, i t  i s  i n t i m a t e l y  covpred ~ 5 t h  r? ci.:por,.-t_ c f  
t h e  r e a c t i v e  d i s p e r s a n t .  Conposites are then  r e a d i l y  fci-med by rernoving 
t h e  water  and v o l a t i l i z i n g  the  bas i c  group (armoiiia o r  Iilorph3lhie;. The 
f i r ?a l  coinposite produced i s  an in t ima te  n i x t u r c  of UAF and monomer which 
ca;? then E e  c u r e d  t o  polymerize the  monomer i n  s i t u .  A4dvanta;cs cf t l L i s  
technique p r c  t h a t  t he  UAFI’matrix r a t i o s  can be c a r e f u l l y  coc?i-c::ed and 
t h ?  w ~ i t ~ r  mcdium can L e  r e a d i l y  renoved. 
We havr. employed t h e  U-AF obtaj.red by t h e  d i f f e r e n t .  techniqkes a s  r e i n -  
forcements  i n  va r ious  rcsi.n n x t r i x e s .  \?e have found geiicraI 1.y ;ha t  t h e  
longe r  ( sp innable)  U.G tep.d t o  prcinote h ighe r  s t r e n g t h  coinposttes than t h e  
s h o r t e r  (nm-sp icnab le )  UAF. Oar longes t  UPT,  however, do not  appear t o  
be any b e t t e r  i n  r e i n i o r c i n g  than some of t h e  un f rac t i cne ted  I.IF/UAF n i x t u r e s  
of approx ia s t e ly  eqaa l  f i b e r  length .  A s  a p o i n t  of  comparison we have u s e d  
com..ercially a v a i l a b l e  Nosabestos. papE.r (a product o f  ~ a y b e s t o s - l i ~ . n ~ a t t a n  
Corp.), impregnating this v:ith r e s i n s  5 3  f o r m  c o m p o s i t e s .  TI!.. ~a- .~abc?s tos  
pape r ,  which i s  msde  froix an Enfrac t iona ted  
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Novak-type d i s p e r s i o n ,  con ta ins  both >F and UAF o r i e n t e d  by the  paper-making 
process .  The Kovabestos paper  a l s o  c m t a i n s  about 5% o i  the  d i s p e r s a n t ,  
o l e a t e  soap. Although our  UPS-reinforced composites were no s t ronge r  than 
Novabestos-reinforced composi tes ,  i t  should be kept  i n  mind t h a t  our  UAI: 
was not  o r i e n t e d  and d id  not  con ta in  the  o l e a t e  soap. F u r t h e r ,  before  r e s i n -  
impregnation, some of our  UAF papers  ( d e s p i t e  t h e i r  i so t ropy)  were t h r e e  
t ines  as s t rong  as Movabestos p,?per i n  i t s  s t r o n g e s t  ( o r i e n t e d )  d i r e c t i o n .  
(2)  The a t ta inment  of good adhesion between UAF and the  ma t r ix  m a t e r i a l  
depends not  only on t h e  s e l e c t i o n  of s u i t a b l e  mat r ixes  which bond s t rong ly  
t o  t h e  UAF, but a l s o  on t h e  su r face  s t a t e  o f  the  IJAI'. Sicce t h e  UM can be 
obta ined  as p u r e  a sbes tos  (from d i spe r s ions  i n  v o l a t i l e  organic  l i q u i d s )  o r  
w i th  a s u r f a c e  c o a t i n g  of s u r i a c t a n t  o r  conditicnLng agent ,  i t  i s  ilecessary 
t o  determine what cond i t ion  of the U A F  i s  needed t o  achieve good bonding 
w i t h  t h e  s e l e c t e d  mat r ix .  
Wher, UAF d i s p e r s i o n s  made with Aerosol OT (or  o t h e r  s u r f a c t a n t )  s o l u -  
t i o i l s  a r e  f i l t e r e d  o r  coagula ted ,  t he  f i b r i l s  recovered con ta in  a h igh  
p ropor t ion  of adsorbed s u r f a c t a n t .  If the  whole d i s p e r s i o n  i s  evaporated 
t o  form a paper ,  t h e  p ropor t ion  of s u r f a c t a n t  i s  even h ighe r  (and i s  known 
p r e c i s e l y  without  havirtg t o  ana lyze) .  
s u r f a c t a n t  m u s t  profoundly a f f e c t  t h e  bonding of t h e  IJAF t o  any ma t r ix  
mater ia l  t h a t  may be  used. I n  the  s p e c i a l  case  where we employ a ma t r ix  
p recu r so r  as our  d i s p e r s i n g  s u r f a c t a n t  we expect  t h a t  good UAF-matrix 
boEdirig should be r e a l i z e d .  We have i n v e s t i g a t e d  t h e  e f f e c t  of r e s i d u a l  
s u r f a c t a n t  w i th  s e l e c t e d  matrix r e s i n s .  I n  much of t h l s  T J O ~ ~  we have e l e c t e d  
t o  use  the  types  of r e s i n s  which have been found s u i t a b l e  ?or  re inforcement  
I n  e i t h e r  c a s e  t h i s  adsorbed r e s i d u a l  
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w i t h  MF, namely: pheno l i c s ,  s i l i c o n e s ,  and p o l y e s t e r s .  We have Fouild t h a t  
t h e  presence of as much as 20% Aerosol OT s u r f a c t a n t  has  no s i g n i f i c a n t  
e f f e c t  on t h e  s t r e n g t h s  of UAJ?-reinforced phenol ic  o r  p o l y e s t e r  composites.  
With our  s i l i c o n e  r e s i n  (DC 1107) ,  w e  have found t h a t  a s m a l l  amount of s u r -  
f a c t a n t  i s  a c t u a l l y  needed t o  e f f e c t  adequate r e s i n  cu r ing .  There a p p e a r s  
to be a s p e c i f i c i t y  i n  t h e  UAF cond i t ion ing  f o r  t h e  s i l i c o n e  composites s i n c e  
t h e  s i l i c o n e  does no t  cure  on pure a sbes tos  o r  on UAF which have been t r e a t e d  
wi th  a s i l a n e  coupler  of t h e  type used 
(3 )  Regarding t h e i r  geometry, t h e  
prepared and s t u d i e d  have a l l  been i n  
t h e  o rde r  of a few m i l s  th ickness .  No 
i n  g l a s s  f i b e r - r e i n f o r c e d  composites.  
UAF-reinforced composites we have 
the  form of s h e e t s  o r  f i l ixs  on 
a t tempt  has  been  adz t o  o r i e n t  t h e  
r e i n f o r c i n g  f i b r i l s  and we have found no evldence of an i so t ropy .  
a v a l l a b l e  Novabestos paper ,  which i s  produced on s tandard  paper-riaking equip- 
ment from a Novak-type d i s p e r s i o n  of MF and UAF i n  sodium o l e a t e  soluti .on,  i s  
a n i s o t r o p i c .  
r e s i n  i t  i s  two t o  t h r e e  t imes as s t r o n g  i n  i t s  machhe  ( o r i e n t e d j  d i r e c t i o n  
as i n  i t s  cross-machine d i r e c t i o n .  Our b e s t  UAF-reinforced compositcs have 
e x h i b i t e d  equa l ,  b i d i r e c t i o n a l  s t r e n g t h s  in t e rmed ia t e  between the  two ex- 
tremes of Novabestos. It should be kept  i n  mind aga in ,  however, t h a t  our 
UAF d i d  not  c o n t a i n  the d e p o s i t  o f  o l e a t e  soap which is  p r e s e n t  on Novabestos. 
Commercially 
When t e s t e d  un t r ea t ed  o r  as a re inforcement  f o r  a phe i in l i c  
For  h igh  s t r e n g t h  we obviously d e s i r e  s o l i d ,  vo id - f r ee  composites con- 
t a l n i n g  uniformly d l s t r i h u t e d  r e i n f o r c i n g  f i b r i l s .  
s u c c e s s f u l  i n  e l i m i n a t i n g  v c i d s  by p r e s s i n g  t h e  papers  a t  400 t o  1000 p s i .  
Vhcre composites have been made from preformed asbes tos  papers  we have w e d  
vacuicn impregnatzon to  f i l l  t h e  pnpers '  vo ids  wi th  r e s i n  ( i n  s o l v e n t )  
We have been most 
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followed by p r e s s i n g  t o  compensate f o r  void volume c r e a t e d  by so lvent  
evapora t ion .  It has  been d i f f i c u l t  t o  g e t  s o l i d  i s o t r o p i c  composites 
having r e l a t i v e l y  high propor t ions  of UAF because the  randomly o r i e n t e d  
f i b r i l s  resist  being compressed i n t o  a t i g h t  s t r u c t u r e ,  and r e l a t i v e l y  
h igh  p ropor t ions  of r e s i n  have been needed t o  f i l l  t h e  i n t e r - f i b r i l  spaces .  
T h e o r e t i c a l l y ,  c y l i n d r i c a l  asbes tos  f i b r i l s ,  when p e r f e c t l y  o r i e n t e d ,  
should pack t o  a s t r u c t u r e  having only  9.37,voids  end a d e n s i t y  o f  2 . 2 7  g /cc .  
Our  bes t  s o l i d  i s o t r o p i c  composites,  t o  d a t e ,  have d e n s i t i e s  of 1 . 7  g /cc  
2nd con ta in  only  about 55% asbes tos .  
The c o l l o i d a l  na tu re  of UAF makes i t  d i f f i c u l t  t o  g e t  even d i s t r i b u t i o n  
of a sbes tos  i n  t h e  composite.  The UAF e x h i b i t  t y p i c a l  c o l l o i d a l  behavio: 
i n  tending  t o  F loccula te  o r  agglomerate and, indeed,  we use  t h i s  prvper’iy 
t o  f r a c t i o n a t e  d i s p e r s i o n s  and o b t a i n  t h e  long,  sp innable  U A F .  Ne have 
seen  undesirab1.e exaaples  of coagu la t ion  when adding polyvinyl  a lcohol  t o  
aqueous s u r f a c t a n t  d i s p e r s i o n s  of UAF. The papers  c a s t  from these  d i spe r -  
s i o n s  show segrega ted  a r e a s  r e l a t i v e l y  r i c h  o r  poor i n  a sbes tos .  Segregat ion 
can be rrinimized i n  t h i s  system by f i r s t  making t h e  UAFi’surfactant peper 
and ,  subsequent t o  dry ing ,  impregnating t h e  paper  w i th  polyvinyl  a l coho l  
s o l u t i o n .  Where we have used a r e s i n  p recu r so r  as t h e  d i s p e r s i n g  s u r f a c t a n t  
( e . g .  b a s i c  soap of l i n o l e i c  a c i d ) ,  we have found t h a t  s eg rega t ion  i s  
minimized i f  w e  can  evapora te  o f f  t h e  water f i r s t ,  l eav ing  soap 2nd U A F ,  
and then  evapora t ing  o f f  t h e  base t o  g e t  the  des i r ed  composite.  
morpholine l i n o l e a t e  has  been found p r e f e r r e d  over  ammonium l i n o l e a t e  because 
morpholine i s  l e s s  v o l a t i l e  than  ammonia and does not  as  r e a d i l y  evaporate  
a t  the  same time a s  t he  water. In  reducing seg rega t ion  i n  compositEs 
prepared  from UAF/resin d i spe r s ions  i n  organic  so lvent  media, we have 
been most successful.  by removing t h e  o n j o r i t y  of the  d i s p e r s i n g  medii-nil b;: 
Thus 
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. .  
f i l t r a t i o n  and then evapora t ing  off  she sniall amount of so lvent  which 
remains.  Evaporat ion of l a r g e  q i l a n i i t i e s  of so lven t  tends t o  promote 
r e s i n  migra t ion  and seg rega t ion  i n  t h e  composite.  
Our experimental  program has been c a r r i e d  out  wi tE .  cognizance of 
t h e  t h r e e  problem a r e a s  d iscussed  above. Because of t h e  interdependency 
of so many of t h e  v a r i a b l e s ,  a l a r g e  nupber of expcrinienis have be2n con- 
ducted i n  o rde r  t o  e v a l u a t e  t h e  c o n t r i b u t i o n  of each v a r i a b l e  t o  t h e  
o v e r a l l  problem of UAF re inforcement .  
111. EXPERIMENTAL b.XD RESULTS 
A. Dispersi i ig  Techniques 
Throughout t h e  e a r l y  s t a g e s  of  t h i s  program w e  ernplcyed t i<o  types of 
d i s p e r s i n g  techniques f o r  conver t ing  MF t o  UAF.  These were (1) s t i r r i n g  
i n  s u r f a c t a n t  s o l u t i o n  (as taught  i n  Novak's p a t e n t )  and ( 2 )  shear-niixing 
a t  h igh  speed ( i n  an O s t e r i z e r ) .  
found t o  con ta in  much undispersed XI? alonz wi th  t h e  UkF, even a f t e r  24  
hours  s t i r r i n g .  The Os te r i zed  d i spe r s ions  were found t o  con ta in  l i t t l e  
o r  no p1F i f  carried. ou t  f o r  a s u f f i c i e n t  pe r iod  of t i m e ,  u sua l ly  60 min- 
The s t i r r e d  d i s p e r s i o n s  were always 
u t e s  cr more. Shor t e r  mixing times r e s u l t e d  i n  d i s p e r s i o n s  con ta in ing  
h i g h e r  propor t ions  of I@. It was noted i n  our  3 r d  Quar t e r ly  Report t h a t  
composi tes  r e in fo rced  wi th  mixed M.F/UAF (6  minutes O s t e r i z i n g )  were s t r o n g e r  
t h a n  comparable composites r e in fo rced  wi th  100% UAF (90 minutes O s t e r i z i n g j .  
None of our W/UAF was as s t r o n g  as comparable Novabestos composites,  
however, as shown i n  Table  1. It was considered t h a t  t h i s  rnay htive been 
due t o  t h e  much h ighe r  s u r f a c t a n t  conten t  of  ous papers  compared wi th  the  
s u r f a c t a n t  conten t  of Novabestos and/or  d u e  t o  t h e  high content of macrc-- 
TABLE 1. Comparison of Novabestos and Aerosol OT-Asbestos Composites 
Paper C mpo s it ion  
Aerosol Oleate Thick- Den- Elong- Tens i l e  
P r o p e r t i e s  
Paper  Resin Resin OT Asbestos Soap n e s s  s i t y  a t i o n  S t r eng th"  
w t .  % w t .  % w t .  % w t .  % m i l s  g /cc  x. p s i  
Novabe s t o  s 3 ,  None 0 0 94.5 5.5 3.4 0.57 7 5 20 
H F / U A F  1) None 0 32 63 0 7.8 1.1 2 6 20 
UAF2) None 0 32 68 0 7 . 1  1 . 2  1 610 
Novabes t o s  3 ,  Phenol ic  46 0 51 3 2.8 1 .4  2 13900 ... 
MF / U A I  Phenol ic  53 15 32 0 9 . 9  1.5 3 4600 
Phenol ic  53 15 3 2  0 8 . 5  1.6 2 2100 U.!! 2) 
Novabestos 3' P o l y e s t e r  44 0 52.9 3 . 1  3 .O 1.4  3 14 400 
llFIUAF1) Po lyes t e r  47 17 36 0 10.0 1 .5  4 5700 
UA?? 2) Polyes t e r  47 17 36 0 10.4 1.4 4 2600 
-- 
'I Obtained by 6 minutes i n  t h e  O s t e r i z e r .  
2) Obtained by 90 minutes i n  t h e  O s t e r i z e r .  
3 ,  The NovaSestos was used as rece ived ,  conta in ing  about 5.5% o l e a t e  soap. 
4,  Refer  t o  page 10 f o r  a d i scuss ion  of how t e n s i l e  s t r e n g t h  i s  ca l cu la t ed .  
s c o p i c a l l y  long P i F  i n  Novzbestos. Our Os ter ized  d i spe r s ions  of F F / U A F  con- 
t a i n  only about 20% MF by weight ;  Novabestos has  a much higher  PlF con ten t .  
It should be  kept  i n  mind t h a t  the t e n s i l e  s t r e n g t h  d a t a  i n  t h i s  Table (as 
w e l l  as  i n  Tables 2-7) are ca l cu la t ed  or! t h e  b a s i s  of t h e  a c t u a l  composite 
t h i cknesses ,  as  measured wi th  a micrometer. No c o r r e c t i o n  has been made f o r  
t h e  void space which i n  some instar_?cs  i s  a s  high a s  80". 
s t r e n g t h  i s  based on I i i s t rvn  t e n s i l e  t e s t s  of one-half  inch wic?e szmplec, 
i n i t i a l l y  one inch  long (dist>nccJ between I n s t r o n  jaT,s). 
c o r r e c t i o n  f o r  vo id  space u o x l d  ir lcreese t h e  repor ted  s t r e n g t h  va lues  accordlnglp.  
The r epor t ed  
T!lus a simple 
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This  c o r r e c t i o n  has  not  been made because t h e  e f f e c t  of t h e  voids  may a c t u a l l y  
be more profound, p a r t i c u l a r l y  i f  t he  voids  a c t  as c r a c k - s t a r t i n g  f laws.  
Since we are not  a b l e  t o  eva lua te  t h i s  e f f e c t ,  w e  have e l e c t e d  t o  r epor t  
t h e  t e n s i l e  s t r e n g t h s ,  as measured, f o r  t h e  void-conta in ing  composites,  as 
prepared.  F igures  1 and 2 show, r e s p e c t i v e l y ,  t y p i c a l  a sbes tos  d i s p e r s i o n s  
produced by s t i r r i n g  and 6 minutes Os te r i z ing .  
chosen t o  show t h e  sane weight of a sbes tos .  UAF i s  not  v i s i b l e  i n  t h e s e  photos ,  
t aken  through a convent ional  l i g h t  microscope. We have a sce r t a ined  by micro- 
s cop ic  examination, and by f r a c t i o n a t i o n  aild weigh:r?g, t h a t  s t i r r i n g  conver t s  
on ly  about 10% of t h e  a sbes tos  t o  UAF whi le  6 minutes  O s t e r i z i n g  conver t s  
about 80% of t h e  a sbes tos  t o  UAF. The r e l a t i v e l y  very  low >E' content  of 6 
minute-Oster ized d i spe r s ions  i s  c l e a r l y  demonstrated i n  F igure  2 .  We have 
t h e r e f o r e  examined s e v e r a l  new techniques f o r  d i spers i r ig  a sbes tos  and prepar -  
These photomicrographs are  
ing  composites i n  order  t o  r e s o l v e  t h e  prevFously noted d i f f e r e n c e s  between 
our mixed ME'/UAF (6 minutes  Oster ized)  and Novabestos. 
pared s p e c i f i c a l l y  t o  determine the  infI.uences of s u r f a c t a n t  and of IF/UkF 
Composites were pre-  
con ten t  on t h e i r  s t r e n g t h s .  The new d i spe r s ing  techniques employed wsre: 
u l t r a s o n e r a t i o n ,  b a l l  m i l l i n g ,  r o l l e r  m i l l i n g ,  and mixing i n  a col loid.  n i i l l .  
The two previous techniques ,  s t i r r i n g  and Os te r i z ing ,  were a l s o  f u r t h e r  employed. 
1. Ul t rasonerac ion  
The Branson S o n i f i e r  was used i n  an a t tempt  t o  produce UAF i n  an  
Aerosol OT d i s p e r s i o n  of MF (commercial grade AY) by u l t r a s o n e r a t i o n .  
dev ice  was extremely i n e f f i c i e n t  and t h e  y i e l d  of UAF was q u i t e  low. 
pape r s  were made wi th  t h e  small amount o f  UAF product .  
This  
No 
Monoisopropanolamine was a l s o  t r i e d  as t h e  d i s p e r s i n g  medium f o r  a sbes tos  
i n  t h e  S o n i f i e r .  
UAF . 
A t o t a l  of 4% hours of u l t r a s o n e r a t i o n  produced almost no 
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Figure  1. Photomicrograph of s t i r r e d  a sbes tos  d i spe r s ion  i n  Aerosol OT 
s o l u t i o n .  
F i g u r e  2 .  Photomicrograph of 6 minute Oster ized  d i p s e r s i o n  of a sbes tos  
i n  Aerosol OT s o l u t i o n .  Longest MF s p l i n t  i s  375 microns i n  
l eng th  and 8 microns i n  diameter .  
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2. Ro l l e r  M i l l i n g  
A Type F 3 - r o l l  r o l l e r  m i l l  (2%" x 5") made by Char les  Ross and 
Sons Company, Nixing and Grinding Machinery, was used t o  prepare  d i s p e r s i o n s  
of AY asbes tos  wi th  ( a )  e thylene  g lyco l ,  (b)  Aerosol  OT and ( c )  ammoniun 
l i n o l e a t e .  A t o t a l  of 40 passes  f o r  each composition was made through t h e  
m i l l  wi th  samples taken pe r iGd ica l ly  f o r  microscopic  examination. It w a s  
hoped t h a t  vary ing  r a t i o s  of  PIFIUAF would be obta ined  by t h i s  technique .  
However t h i s  d id  no t  prove t o  be the  case .  Microsccpis  exanina t ion  showed 
t h a t  t h e  r o l l e r  m i l l i n g  produced r e l a t i v e l y  s h o r t e r  and s h o r t e r  PIF on r e -  
pea ted  passes  through the  m i l l  and r e l a t i v e l y  l i t t l e  U A 3  w a s  pro6uced. 
It w a s  necessary  t o  use  6% AY i n  t h e  d i s p e r s i o n s  t o  have t h e  v i s c o s i t y  
r equ i r ed  f o r  handl ing  i n  t h e  r o l l e r  m i l l .  The t h i c k ,  g reasc - l ike  d i spe r -  
s i o n s  were di l -uted be fo re  making i n t o  paper .  
was d i l u t e d  w i t h  e thy lene  g l y c o l  t o  the  proper  cons is tency  f o r  f i l t r a t i o n  
(3% AY),  f i l t e r e d  on sha rksk in  f i l t e r  paper ,  p ressed  between b l o t t e r s  3 t  
500 p s i  t o  a 50% wet pick-up 2nd then d r i e d  a t  80-99°C f o r  s e v e r a l  hours  
t o  evapora te  cff t h e  g lyco l .  
sions were c a r e f u l l y  d i l u t e d  wi th  water t o  g ive  13% AY d i spe r s ions  and 
poured i n t o  Tef lon  w e l l s  t o  dry.  
The e thy lene  g lycol  d i s p e r s i o n  
The Aerosol OT and araonium l i n o l e a t e  clisper- 
3 .  Homomixer 
The Eppenbach horncmixer, a high shea r  mixing device ,  was used t o  
make d i s p e r s i o n s  of AY i n  e thylene  g lyco l  and i n  nonoisopropanolamine, 
u s i n g  mixing t imes of 1 minute and 30 minutes .  
of t h e  d i s p e r s i o n s  showed m o s t l y  3 F  a f t e r  1 minute iaixing and a mixture  of 
I@/UAF ( l a r g e l y  ?F), a f t e r  30 minutes of n i x i n g .  Papers werc made by 
Microscopic examination 
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f i l t r a t i o n  on sha rks in  and dry ing  a t  80-90°C. 
4 .  O s t e r i z i n g  
This  technique has  been employed ex tens ive ly  i n  t h e  course  of 
Some t y p i c a l  papers  made wi th  mixed t h i s  program t o  d i s p e r s e  MF t o  UAF. 
EfF/UAJ? and 100% U A F ,  ob ta ined  i n  Aerosol OT d i s p e r s i o n ,  are  r epor t ed  i n  
Table 1. Dispers ion  of a sbes tos  has a l s o  been c a r r i e d  ou t  i n  organic  
l i q u i d s ,  t y p i f i e d  by t h e  fol lowing example: 
A mixture of 3 p a r t s  AY asbes tos  and 97 par t s  e thy lene  g l y c o l  was 
d i spe r sed  by mixing f o r  6 minutes i n  :he O s t e r i z e r .  The r e s u l t i n g  MF/UAF 
d i s p e r s i o n  (which w a s  s i m i l a r  i n  eppearance t o  the  equeous d i s p e r s i o n  
shown i n  F igure  2) w a s  f i l t e r e d  on sharkskin  paper and t h e  wet mat was 
d r i e d  a t  8 O o C  €or  1 hour t o  evaporate  t h e  g l y c o l ,  l eav ing  a 100% ask*estos  
paper .  
5. Novak-Type S t i r r i n g  
Using the  Novak-prescribed technique of no-shear s t i r r i n g  of a 
d i s p e r s i o n  c o n s i s t i n g  of  1 p a r t  AY a s b z s t o s ,  f p a r t  s u r f a c t a n t ,  2nd 98.5 
p a r t s  water,  w e  have produced UAF/MF d i s p e r s i o n s .  
t echnique  f o r  s e p a r a t i n g  out  t h e  UAF and recover ing  a s e l e c t  f r a c t i o n  of 
t h e  longes t  UAF. The technique has been used wi th  Aerosol OT, sodium 
o l e a t e ,  and morpholine l i n o l e a t e  s u r f a c t a n t s .  A t y p i c a l  procedure w?lth 
We have developed a 
Aerosol  OT is: 
The d i s p e r s i o n  w a s  s t i r r e d  f o r  a t o t a l  of 5 hours  and then  f i l t e r e d  
through a 3 / 3 2  inch t h i c k  s h e e t  of 100 pore p e r  inch ,  open c e l l p o l p u r e c h a n e  
foam. This  f i l t e r  e f f e c t i v e l y  removed the  ME' and t h e  f i l t r a t e  w a s  a t u r b i d  
d ispers j -on  of UAF. No v i s i b l e  ? a r t i c l e s  could be seen i n  the  f i l t r a t e  w?ien 
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examined by l i g h t  microscopy. 
of e thanol  t o  t h e  f i l t r a t e  t o  give long ,  f i n e  f i b r i l s  which were recovered 
by sp inning  them onto a s t i r r i n g  rod. Shor te r  non-spinnable UhF were no t  
recovered on t h e  rod. The recovered long UAF were washed twice w i t h  e thano l  
and a i r  d r i e d .  Carbon a n a l y s i s  of  a t y p i c a l  sample showed t h a t  t h e  f i b r i l s  
contained a r e s i d u a l  Aerosol OT add-on of 4.4%- 
U A F ,  based on t h e  weight of AY asbes tos  i n  the  o r i g i n a l  d i s p e r s i o n  be fo re  
s t i r r i n g ,  w a s  about 10%. 
The UtW were then  coagulated by the  a d d i t i o n  
The t o t a l  y i e l d  of long 
Two types of papers  were made wi th  these  long UAF.  The f i r s t  type of 
paper  w a s  made by r e d i s p e r s i n g  the f i b r i l s  i n  e thylene  g lyco l  wi th  c e r e f u l  
hand s t i r r i n g ,  f i l t e r i n g  t h e  d i s p e r s i o n  on sha rksk in  paper ,  F re s s ing  the  
w e t  m a t  a t  500 p s i  t o  reduce t h e  l i q u i d  con ten t  t o  5072, and then d r y i a s  a t  
85°C f o r  3 hours  t o  evaporate  of f  t he  g l y c o l .  
w a s  made by r e d i s p e r s i n g  t h e  long UAF i n  Aerosol  OT s o l u t i o n  ( 1  p a r t  UAF, 
4 p a r t  Aerosol  OT, 98.5 p a r t s  water)  w i th  hand s t i r r i n g ,  pouring t h e  e n t i r e  
d i s p e r s i o n  i n t o  a f l a t ,  Teflon-coated pan, and evapora t ing  t o  dryness  a t  
room temperature  t o  form a paper  con ta in ing  36 p a r t s  Aerosol OT F e r  65 
p a r t s  UAF.  
The second t’ype of paper  
6 .  B a l l - N i l l i n g  
An AY asbes tos-Aerosol  OT mixture  i n  water  (4 p a r t  AI’, p a r t  
Aerosol  OT, and 99% p a r t s  of water)  was p laced  i n  a b a l l  m i l l  w i th  f l i n t  
pebbles  and run f o r  1 6  hours .  The r e s u l t i n g  d i s p e r s i o n  w a s  f i l t e r e d  
through a 100 pore / inch ,  open-cel l  u re thane  foam and the  UAF w a s  recovered by 
coagu la t ion  of t h e  f i l t r a t e  with e thanol  as d e t s i l e d  above i n  A.5. The y i e l d  
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of long ,  sp innable  UAF w a s  about 25% thus  cons iderably  b e t t e r  than  t h e  
y i e l d  from t h e  s t i r r e d  d i s p e r s i o n s .  
B a l l  m i l l i n g  w a s  a l s o  used t o  d i s p e r s e  a sbes tos  i n  e thy lene  g lyco l .  
A mixture  of p a r t  AY asbes tos  and 99% p a r t s  g lyco l  w a s  mi l l ed  f o r  16 
hours  t o  produce a mixed Ml?/UAF d i spe r s ion .  
ure thane  foam 
l a t e d  by adding a l a r g e  volume of water. 
This  may be due t o  an  a c t u a l  l ack  of ex t r a - long  f i b e r s .  
however, t o  t h e  f a c t  t h a t  t he  f i b e r s  are i n  a g lyco l  medium r a t h e r  than  a 
s u r f a c t a n t  medium. 
c o l l e c t e d  by f i l t e r i n g  on sharkskin paper  and t h e  wet m a t  formed was 
p r e s s e d ,  then  d r i e d  a t  85OC t o  remove t h e  g lyco l  and 
UAF of u n c e r t a i n  f i b e r  length .  
Th i s  w a s  f i l t e r e d  through 
t o  remove t h e  v i s i b l e  MF and then t h e  f i l t r a t e  w a s  coagu- 
N o  sp innable  UAF w a s  ob ta ined .  
It may a l s o  be due, 
This  p o i n t  has not  y e t  been e s t a b l i s h e d .  The UAF were 
l eave  a paper  of 100% 
Papers  made wi th  U A F  o r  UAFIW, obta ined  by these  v a r i o u s  techniques ,  
were t e s t e d  f o r  s t r e n g t h  both un t r ea t ed  and impregnated wi th  r e s i n .  These 
papers  t hus  a f f o r d  the  oppor tuni ty  of a s s e s s i n g  the  r e l a t i v e  e f f e c t s  of 
f i b r i l  d iameter  (ED? vs .  U A F ) ,  f i b r i l  l eng th ,  and r e s i d u a l  s u r f a c t a n t  on t h e  
f i b r i l s .  Typica l  d a t a  are summarized i n  Tables  2 and 3 .  
Table 2 compares papers  and composites made with f i b r i l s  ob ta ined  
from e thy lene  g lyco l  d i s p e r s i o n s .  Thus they  are s u r f a c t a n t - f r e e ,  except  
f o r  t h e  t h r e e  made wi th  sp innable  UAF. 
p e r  95.6 p a r t s  UAF (as descr ibed  above i n  A . 5 . ) .  The s u r f a c t a n t  conten t  
w a s  v e r i f i e d  by carbon a n a l y s i s  of t h e  paper and i n d i c a t e s  no f u r t h e r  ex- 
t r a c t i o n  of Aerosol  OT by the  glycol  d i s p e r s i n g  mediuin. A l l  of t h e s e  100% 
a s b e s t o s  pzpe r s ,  un t r ea t ed ,  a r e  shown t o  be weak. Among t h e s e  t h e  papers  
c o n t a i n i n g  longe r ,  d i spersed  f i b r i l s  (MF/UAF and long UAF) tend t o  be 
Three con ta in  4 . 4  p a r t s  Aerosol OT 
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TABLE 2. Effect of dispersing techniques on ethylene 
glycol paper and composites 
Paper Composition Properties 
Thick- Den- % Void Elona- Tensile 
1 
Technique Res in Fiber Type Resin Asbestos ness sity Space ation Strength2 
wt. % wt. % mils g/cc z p s i  
Ball Mill None UAF 0 100 10.6 0.53 79 3 120 
Phenolic UAF 36 64 8.7 1.0 50 2 4400 
Epp enbach None MF 0 100 12.7 .82 67 3 24 
Phenolic MF 54 46 14.3 1.2 35 2 5400 
Pol yes t er MF 56 44 15.2 1.3 29 3 4 1CO 
None MF /UAF 0 100 14.3 .70 72 3 71 
Pheno 1 ic MF/UAF 52 48 13.7 1.4 25 3 9500 
Polyester MF /UAF 53 47 14.6 1.5 18 6 6800 
Os terizer None MF /UAF 0 100 15.7 .65 74 6 120 
Phenolic MF /UAF 54 46 12.5 1.5 18 5 lOSO0 
Polyester MF /urn 55 45 15.4 1.4 23 6 3500 
None UAF 0 100 17.2 .59 76 L 49 
Phenolic UAF 53 47 16.0 1.2 35 3 6900 
Polyester UAF 57 43 21.1 1.1 39 4 3900 
9 
No-Shear None 0 100 11.6 .94 62 2 90 
Stirrer Pheno 1 ic 45 55 8.8 1.7 11 3 9300 
Po lye s t er urn1) 36 67 9 . 2  1.6 14 4 6500 
'1 UAF fraction - contains 4.4% Aerosol OT. 
2, Refer to page 10 for a discussion of how tensile strength is calculated. 
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TABLE 3. Effect of Dispersing Techniques on Aerosol OT 
Papers and Composites 
Pap e r C onpo s i t ion Properties 
Fiber Aerosol Thick- Den- % Void Elong- Tensile 
Technique Resin Type Resin OT Asbestos ness  sity Space ation Strength 3 
wt. % wt. % wt. % mils g/cc % p s i  
Osterizer None m/uAF1) 0 
Polyester M F / U ~ F ~ )  47 
Phenolic MF/UAF 53 
None urn2)  0 
Phenolic uAF2) 53 
Polyester urn2) 47 
No- Shear None UAF 0 
UAF 40 
Stirred Pheno 1 ic 
Poiyester UAF 41 




1 7  
37 
15 
1 7  
36 
21 
2 1  
60 
57 7.8 
32 9.9  
36 10.0 
63 7 . 1  
32 8.5 
36 10.4 
64 3 .O 
39 3 . 0  










1 . 0  36 
.93 29 
l) Obtained by 6 minutes Osterizing. 
2, Obtained by 90 minutes Osterizing. 
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s t r o n g e r  than t h e  papers  Containing r e l a t i v e l y  s h o r t e r  f i b r i l s  (90 minutes 
Os te r i zed )  o r  a major f r a c t i o n  of MF (1 minute c o l l o i d  m i l l i n g ) .  Resin- 
impregnated, t h e  t e n s i l e  s t r e n g t h s  show a s i m i l a r  dependence on f i b r i l  l eng th  
and degree of d i s p e r s i o n .  
long UAF (from s t i r r e d  d i s p e r s i o n s ) ,  o r  UA.F/MF (30 minutes c o l l o i d  m i l l i n g  
o r  6 minutes O s t e r i z i n g ) .  The weakest composites were those  con ta in ing  MF 
s p l i n t s  (1 minute c o l l o i d  m i l l i n g )  o r  r e l a t i v e l y  s h o r t  UAF (90 minutes 
Os te r i z ing )  . 
The s t r o n g e s t  composites w e r e  t hose  con ta in ing  
Table  3 compares papers  and composites made wi th  f i b r i l s  recovered 
from Aerosol OT d i s p e r s i o n s ,  and con ta in ing  a r e s i d u a l  depos i t  of t he  s u r -  
f a c t a n t .  
coun te rpa r t  s u r f a c t a n t - f r e e  papers  (Table 2 ) .  Among t h e s e  we f i n d  improve- 
ment i n  s t r e n g t h  wi th  inc reased  f i b r i l  l eng th ,  j u s t  as i n  t h e  s u r i a c t a n t - f r e e  
papers .  Aerosol  OT appears  t o  be an e f f e c t i v e  b inder  i n  t h i s  type  of paper .  
Resin-impregnated, t h e  t e n s i l e  s t r e n g t h s  of t h e s e  su r fac t an t - con ta in ing  
composites are about equal  t o  t he  s t r e n g t h s  of t h e i r  no-sur fac tan t  counter -  
p a r t s .  Again, t h e  s t r o n g e s t  composites were those  r e in fo rced  wi th  long UAF 
o r  MF/UAJ? and t h e  weakest composites were t3ose  r e in fo rced  wi th  >E' ( r c l l e r  
m i l l e d )  o r  s h o r t  UAF (90 m i i i u t e s  O s t e r i z i n g ) .  
The Aerosol OT/asbestos papers  are cons iderably  s t r o n g e r  than  
Thus t h e s e  d a t a  show t h a t  UAF re inforcement  does not  r e s u l t  i n  h ighe r  
s t r e n g t h  than  UAF/MF re inforcement .  
t a n t  (Aerosol OT) h a s  no s i g n i f i c a n t  e f f e c t  on t h e  t e n s i l e  p r o p e r t i e s  of 
t h e s e  a s b c s t o s / r c s i n  composi tes .  A s  expected,  t e n s i l e  s t r e n g t h  i s  increased  
by i n c r e a s i n g  UAF l e n g t h .  While t h e s e  long ,  sp innable  UAF a r e  s t r o n g e r  than  
t h e  s h o r t e r  UAF obta ined  by 90 minutes O s t e r i z i n g ,  they a r e  not any b e t t e r  
t h a n  the  mixed MF/UAF (G minutes O s t e r i z e d ) .  
The presence  of as much as 20% su r fac -  
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E .  Dispers ing  Media 
I n  ou r  e a r l i e r  work on t h i s  program a s b e s t o s - r e s i n  composites were 
g e n e r a l l y  formed by impregnating prepared,  d ry  papers  wi th  the  mztrix- 
forming m a t e r i a l s  and s u b j e c t i n g  the composites t o  s u i t a b l e  c u r i n g  condi- 
t i o n s .  Some composites were made wi thout  i n t e rmed ia t e  paper  forming. I n  
one such case we added po lyv iny l  a lcohol  s o l u t i o n  t o  Aerosol OT d i s p e r s i o n s  
of a sbes tos  be fo re  evapora t ing  t o  form papers .  I n  a second case  we added 
phenol ic  r e s i n  t o  e thy lene  g l y c o l  d i s p e r s i o n s  of a sbes tos  (and t o  a mono- 
isopropanolamine d i s p e r s i o n  of a sbes tos )  before  f i l t r a t i o n .  I n  each case  
t h e  m a t r i x  w a s  i n  i n t ima te  mixture  w i t h  the asbes tos  i n  t h e  clispersnd s t a t e  
be fo re  t h e  composite w a s  formed. Typica l  composites made i n  t h i s  manner 
are compared, i n  Table  4 ,  wi th  t h e i r  c o u n t e r p a r t s  made i n  two s t e p s  (paper  
formation followed by impregnation).  The composites made d i r e c t l y  from 
t h e  r e s i n / a s b e s t o s  d i s p e r s i o n s  show somewhat h ighe r  s t r e n g t h s  t h a c  t h e  
composites made by r e s i n  impregnation of preformed papers .  This  sugges ts  
t h a t  w e  may have obta ined  improved r e s in -a sbes tos  bonding i n  t h e  former. 
The d i f f e r e n c e  i n  t h e  two phenol ic  specimens i s  s l i g h t ,  but  i n  view of t h e  
equal  d e n s i t i e s  i s  probably real. I n  t h e  PVA specimens t h e  d i f f e r e n c e  i s  
more s i g n i f i c a n t ,  p a r t i c u l a r l y  s i n c e  t h e  weaker specimen has  t h e  h ighe r  
d e n s i t y ,  
More r e c e n t l y  w e  have i n v e s t i g a t e d  the  p o s s i b i l i t y  of u s ing  a r e s i n  
p r e c u r s o r  i t s e l f  as t h e  d i s p e r s i n g  medium thus  obv ia t ing  the  p r o b l e m  
a s s o c i a t e d  wi th  t h e  removal of so lvent  from a s b e s t o s / r e s i n  s o l u t i o n  systems 
of t h e  types  shown i n  Table 4 .  Two l i q u i d  r e s i n  p r e c c r s o r s  have been found 
t o  be e f f e c t i v e  i n  d i s p e r s i n g  MF t o  UAF and have been e x t e n s i v e l y  explored.  
These are l i n o l e i c  a c i d  and a methyl hydrogen s i loxane  (DC 1107).  The 
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TABLE 4 .  Comparison of ResinlAsbestos Composites made with 




Res in impregnation 
of paper 
Direct asbestos/resin 
mixture in water 
Res in inip re gna ted 
paper 
Direct asbestos/resin 
mixture in ethylene 
glycol 
Composition of Composite Physical Properties 
Asbestos Aerosol OT - i?VA Thickness Density Elong- Strength' 
% % % ails g/cc ation psi 
% 
36 21 43 4.1 1.2 3 3800 
39 22 39 5.9 0.86 4 7700 
Phenolic Binder 
%Asbestos %Phenolic Resin 
64 36 
70 30 
8.7 1.0 2 4400 
6.7 1.0 2 5200 
Refer to page 10 for a discussion of how tensile strength is calculated. 
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p r e p a r a t i o n  of composites from these  media w a s  done as fol lows:  
1. Composites from L i n o l e i c  Acid Dispers ions  
AY a sbes tos  (3  p a r t s )  w a s  d i spe r sed  d i r e c t l y  i n  l i n o l e i c  a c i d  
(97 p a r t s )  f o r  6 minutes i n  t h e  O s t e r i z e r .  
on sha rksk in .  The f i l t e r e d  paper  w a s  p ressed  between b l o t t e r s  t o  reduce 
t h e  l i q u i d  t o  50% w e t  pick-up. 
a i r  a t  160°C f o r  24 hours  t o  e f f e c t  po lymer iza t ion .  A s t i l l  w e t  p a r t  of 
t h e  paper w a s  suspended i n  s ty rene  vapor  f o r  24 hours  i n  a vacuum be fo re  
c u r i n g  a t  160°C f o r  24 hours .  As shown i n  Table 5,  t he  a sbes tos - r e in fo rced  
papers  had good s t r e n g t h s  d e s p i t e  t h e  moderately low d e n s i t i e s  which i n d i c a t e  
about  43% vo id  volume. I f  any copolymerization of l i n o l e i c  a c i d  and 
s t y r e n e  occurred  it d id  no t  r e s u l t  i n  any h ighe r  s t r e n g t h  i n  t h i s  composite 
Papers were formed by f i l t r a t i o n  
P a r t  of t h e  paper  w a s  cured  by h e a t i n g  i n  
compared t o  t h e  one not  exposed t o  s ty rene .  
2 .  Composites from DC 1107 S i l i c o n e  
AY asbes tos  ( 3  p a r t s )  was d i spe r sed  i n  s i l i c o n e  DC 1107 (97  p a r t s )  
i n  t h e  O s t e r i z e r  f o r  6 minutes .  Papers were formed by f i l t e r i n g  the  d i s -  
p e r s i o n  on sharkskin ,  p r e s s i n g  the f i l t e r e d  paper between b l o t t e r s  a t  
500 p s i  t o  a 50% w e t  pick-up and then  h e a t i n g  f o r  24 hours  a t  160°C i n  an  
a t t e n p t  t o  c u r e  t h e  s i l i c o n e .  We were riot a b l e  t o  e f f e c t  a cu re  of t h e  
s i l i c o n e ,  even when the  h e a t i n g  was cont inued f o r  s e v e r a l  days.  It has  
been found t h a t  t h i s  s i l i c o n e  w i l l  c u r e  when t h e  paper  has been precoa ted  
w i t h  s u r f a c t a n t s  (Aerosol OT and sodiun o l e a t e )  bu t  w i l l  n o t  cu re  f u l l y  on 
p u r e  a sbes tos  (e thylene  g lyco l  papers ) .  This  p o i n t  i s  d iscussed  i n  d e t a i l  
i n  s e c t i o n  C y  below, where t h e  s t r e n g t h  of t he  not  completely cured paper 
i s  r epor t ed .  
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TABLE 5 .  Composites. from L ino le i c  Acid/Asbestos Dispers ions  
Composite Composition Phys ica l  F r o p e r t i e s  
1 As be s t o  s Acid Styrene Thickness Dens i ty  Elongat ion S t r eng th  
% % % m i l s  g /cc  % p s i  
L i no  1 e i c  T e n s i l e  
70 30 0 14.6 0.98 4 4500 
39 3 9* 22* 15 .6  0 .85  4 4600 
* 
These d a t a  are based on the  pick-up of s t y r e n e  by the w e t ,  l i n o l e i c  
a c i d / a s b e s t o s  m a t .  
unreacted sy t r ene .  
Oven h e a t i n g  may have d r iven  o f f  some p o r t i o n  of 
'.Refer t o  page 10 f o r  a d i scuss ion  of how t e n s i l e  s t r e n g t h  is  c a l c u l a t e d .  
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3 .  Composites-fcom L ino lea t e  Soaps 
Another approach t o  ob ta in ing  good ma t r ix / a sbes tos  bonding has  a l s o  
been i n v e s t i g a t e d .  
r e s in -p recu r so r s  which, themselves,  s e rve  t h e  added func t ion  of t h e  d i s -  
p e r s i n g  s u r f a c t a n t  i n  aqueous systems f o r  d i s p e r s i n g  MF t o  UAF. Compounds 
which we have found t o  f i l l  t h i s  d u a l  r o l e  are t h e  b a s i c  soaps of l i n o l e i c  
a c i d ,  i n  which t h e  base  i s  v o l a t i l e .  Th i s  approach appeared p a r t i c u l a r l y  
i n t e r e s t i n g  i n  view of t h e  fol lowing obse rva t ions  we have made dur ing  t h e  
course  of t h i s  program: 
I n  t h i s  approach we have used water -so luble ,  monomeric 
(1) When asbes tos  i s  d ispersed  i n  aqueous s u r f a c t a n t  s o l u t i o n s ,  t h e  
' 
f i b r i l s  become coated wi th  a depos i t  of s u r f a c t a n t ,  t i g h t l y  adherent  t o  
t h e  f i b r i l s .  This  i s  evidenced,  f o r  example, by t h e  Aerosol  OT s u f a c t a n t  
systems,  such as descr ibed  above i n  A . 5 .  
(2) I n  gene ra l  it has  been noted t h a t  more dense,  s t ronge r  papers  
are obta ined  from a slow evaporat ion of aqueous s u r f a c t a n t  d i spe r s ions  than 
from f i l t e r e d  aqueous d i s p e r s i o n s  o r  from e i t h e r  evaporated o r  f i i t e r e d  
o rgan ic  m e d i a  d i spe r s ions .  
(3) L i n o l e i c  a c i d  appears  t o  be a good ma t r ix  f o r  s s b e s t o s  r e h -  
forcement ,  as evidenced by the  da t a  i n  Table 5 .  
Both t h e  ammonium and morpholine soaps of  l i n o l e i c  ac id  have been 
used .  
a .  Ammonium L i n o l e a t e  
A soap s o l u t i o n  was prepared which had 5% l i n o l e i c  a c i d  and 
s u f f i c i e n t  excess ammonium hydroxide t o  main ta in  a pH of 9-10. 
used as s t o c k  t o  prepare  d i spe r s ions  of AY asbes tos .  
This  w a s  
A number of compo- 
. s i t i o n s  were i n v e s t i g a t e d .  A workable composition w a s  found t o  c o n t a i n  
2 p a r t s  AY t o  1 p a r t  of l i n o l e i c  a c i d  i n  97 p a r t s  oE water  w i th  amoniurn 
hydroxide  t o  pH 9 .  It w a s  Os ter ized  6 minutes ,  poured i n t o  a Tefloz well, 
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evaporated to dryness (driving o f f  water and auuwnfa), the= i j r c s s  c u r e d  at 
500 psi and 100°C for 1 hour to produce a composite reinforced with M??/UAF. 
Another dispersion containing 6.2 parts of AY to 1.6 parts of linoleic 
acid with ammonium hydroxide to maintain pH 9 and 92.2 parts of water was 
roller milled for 40 passes. The resultant m i x  was diluted with dilute 
ammonium hydroxide to pouring consistency (about 2% AY). poured in a Teflon 
well, evaporated to dryness and press cured at 500 psi 1 hour at 16OOC to 
produce a composite reinforced with short PIF and containing little UAF 
The volatilization of ammonia was very rapid from these papers and 
tended to promote segregation of linoleic acid and asbestos in the composites. 
A-pparently the asbestos tended to floc out (as the ammonia volatilized 
faster than the water) and settle to the bottom of the well. 
b. Morpholine Linoleate 
In order to control the rapid loss of alkalinity a less volatile 
base, morpholine, was used. This base did give better paper, in terms of 
appearance, than did the ammonium soap. Examination of a range of compo- 
sitions showed that satisfactory dispersions could be made using 6.2 parts 




parts of water. 
a Teflon well, evaporated at room temperature to dryness and the paper 
The dispersions were Osterized f o r  6 minutes, poured 
cured cvernight at 120°C. 
In addition to these three types of papers made with mixed MJ?/UAF 
obtained from linoleate soap dispersions, papers were also made with all 
long fiber UAF. 
To obtain long fiber UAF, % part of AY was dispersed in 99% parts water 
containing -3; part linoleic acid with sufficient excess morpholine to give 
pH 9 by stirring with a Hiller stirrer for 5 hours. The resulting dispersion 
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was f i l t e r e d  through 100 pore / inch  polyurethane foam t o  remove MF. 
UAF w ~ s  coagulated by d i l u t i n g  t h e  f i l t r a t e  wi th  20 volumes of water .  The 
The 
long UAF w a s  spun ou t  on a s t i r r i n g  rod ,  washed twice  wi th  e thano l  and a i r  
d r i e d .  P a r t  of t h e  long UAF was  red ispersed  i n  l i n o l e i c  a c i d  by c a r e f u l  
hand s t i r r i n g  and paper w a s  made by f i l t r a t i o n  on sha rksk in .  The f i l t e r e d  
paper  was pressed  a t  500 p s i  between b l o t t e r s  t o  g ive  a 50% w e t  pick-up 
and was then  oven cured a t  1 0 0 ° C  f o r  48 hours .  
Another p o r t i o n  of t h e  long  UAF w a s  r ed i spe r sed  i n  a 1% morpholine 
l i n o l e a t e  s o l u t i o n  by c a r e f u l  hand s t i r r i n g  ( 2  p a r t s  UAF t o  1 p a r t  of 
l i n o l e i c  a c i d ,  ad jus t ed  t o  pH 9 with rnorpholine). The d i s p e r s i o n  w a s  poured 
i n t o  a Tef lon  w e l l  and a i r  d r i e d  f o r  72 hours .  The paper  w a s  then  oven 
cured  f o r  48 hours  a t  100OC. Phys ica l  p r o p e r t i e s  of t he  a sbes tos - r e in fo rced  
composites made from t h e s e  v a r i o u s  l i n o l e a t e  d i s p e r s i o n s  are simmarized i n  
Tab le  6.  Included f o r  comparison i s  d a t a  f o r  a coinposite prepared from a 
d i r e c t  d i s p e r s i o n  of a sbes tos  i n  l i n o l e i c  a c i d .  Although the  composites 
made from l i n o l e a t e  soap d i s p e r s i o n s  are a l l  s t r o n g ,  they  are not  as s t r o n g  
as t h e  Gne made from a d i r e c t  l i n o l e i c  ac id / a sbes tos  d i s p e r s i o n ,  sugges t ing  
t h a t  we may have some r e s i d u a l  soap. However, a t  p r e s e n t  t h i s  e f f e c t  i s  
unexplained. F u r t h e r ,  t h e r e  is  a d i f f e r e n c e s  between t h e  amonium and 
morpholine l i n c l e a t e  composi tes ,  t h e  morpholine soap producing a somewhat 
weaker composite.  Th i s  sugges t s  t h a t  w e  may n o t  have completely g o t t e n  r i d  
of t h e  morpholine. As expec ted ,  t h e  weakest composite of t h e  group is  t h e  
one r e in fo rced  by t h e  l l F / U A F  mixed f i b e r s  ob ta ined  by r o l l e r  m i l l i n g .  These 
f i b e r s  are most ly  s h o r t  MF, t h e  propor t ion  of UAF being  very  low, as con- 
t r a s t e d  wi th  t h e  low MF/high UAF r a t i o  i n  6 minute Os te r i zed  d i s p e r s i o n s .  
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TABLE 6. Composites from L ino lea t e  Soap Dispers ions  of Asbestos  
I 
Type of W t .  r a t i o  of Phys ica l  P r o p e r t i e s  of Composite 
D i spe r s ing  Rein- as be s tos  / 1 ino  l e  i c  Paper Elong- T e n s i l e  
Soap Base Technique forcement a c i d  i n  composite Thickness Dens i ty  a t i o n  S t r eng th  3 
m i l s  g /cc  % p s i  
Aninio n i a O s  t e r i z e r  MI? /uAF 67/33 3.0 .74 5 2700 
Ammonia R o l l e r  m i l l  79/21 5.5 -88 6 8 70 
most ly  
m 
Morph.ol.ice O s t e r i z e r  MF /urn 79/21 5.2 * 73 5 1200 
long UAF Morpho - No-shear 1 i n e  st irrer 67/33 3.5 .96 4 2200 
No- shea r  long UAF 67/33 12.6 1.0 6 2100 1) None 
stirrer 
O s t e r i z e r  MFIUAF 2) None 70130 14.6 .98 4 4500 
'1 Long UAF was recovered from a s t i r r e d  morpholine l i n o l e a t e  d i s p e r s i o n ,  t hen  
2, D i r e c t  d i s p e r s i o n  of a sbes tos  i n  l i n o l e i c  a c i d .  
3, Refer  t o  page 10 f o r  a d i scuss ion  o f  how t e n s i l e  s t r e n g t h  i s  ca l cu la t ed .  
r e d i s p e r s e d  i n  l i n o l e i c  a c i d .  
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The long UAF i s  about equal  t o  MF/UA?? (ob ta ined  by Os te r i z ing )  i n  t h e s e  
composi tes ,  j u s t  as i t  w a s  equal  t o  MF/UAF i n  t h e  composites r epor t ed  i n  
Tables  2 and 3 .  
C .  Coupling Agents o r  Sur face  Condit ioners  
A s  descr ibed  i n  s e c t i o n  B.2, DC 1107 does no t  c u r e  on pure a s b e s t o s .  
Whether t h e  s i l i c o n e  i s  used a s  a d i s p e r s i n g  medium o r  i s  added t o  a d r y  
preformed paper  made from an e thylene  g lyco l  d i s p e r s i o n  of a s b e s t o s ,  t h e  
s i l i c o n e  w i l l  no t  c u r e .  On t h e  o the r  hand s i l i c o n e  app l i ed  t o  Novabestos 
paper  (which con ta ins  sodium o lea t e )  does c u r e  s a t i s f a c t o r i l y  as shown i n  
. Table 7.  
Therefore ,  t o  tes t  whether s p e c i f i c  c o n d i t i o n e r s  f o r  e f f e c t i n g  c u r e  
e x i s t ,  some pure a sbes tos  i n  t h e  form of d r i e d  g lyco l  papers  was t r e a t e d  wi th  
(1) Aerosol OT, (2) r-aininopropyltrimethyoxy s i l a n e  and (3)  sodium o l e a t e  by 
soaking i n  s o l u t i o n s  of t h e s e  and subsequent ly  evapora t ing  t h e  so lven t  from 
t h e  soaked paper .  The t r e a t e d  papers  ( con ta in ing  5 t o  25% cond i t ione r )  
w e r e  a i r  d r i e d ,  t hen  t r e a t e d  wi th  DC 1107 s i l i c o n e  by dropwise impregnat ion,  
and hea ted  f o r  24 hours  a t  160°C i n  a n  a t tempt  t o  e f f e c t  cu r i cg .  Phys ica l  
p r o p e r t i e s  of t hese  composites a re  r epor t ed  i n  Table  7.  
o l e a t e  "conditioned" paper  are not given because a n  accu ra t e  th i ckness  
measurement could n o t  be made due t o  i t s  h igh  vo id  volume and rough t e x t u r e .  
DC 1107 d i d  c u r e  on t h i s  paper  arid we roughly estimate t h a t  i t s  s t r e n g t h  
should be equal  t o  t h a t  of the.Aeroso1 OT - cocdi t ioned  paper .  
Table 7 show t h a t  on ly  p a r t i a l  cur ing  of DC 1107 occurs  on pure a sbes tos .  
The presence  of sodium o l e a t e  or Aerosol  OT al lows no re  complete c u r i n g  of 
th i s  s i l i c o n e ,  w h i l e  gamma aminopropyltrimethoxy s i l a n e  (a comonly  used 
Data f o r  t h e  sodium 
The d a t a  i n  
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Base Paper 
TABLE 7. Effect of Surface Conditioners on Effectiveness 
of Silicone Treatment 
Paper Composition Prop e r t ie s 
Conditioner Thick- Elong- Tensile 
Conditioner Asbestos DC 1107 ness Density ation Strength? 
Wt. z wt. % wt. % mils g/cc  % psi 
-Added 
Glycol None 0 100 0 14.4 0.67 8 90 
None 0 54 46 15.9 1.1 1 4 60 
160 Aerosol OT 25 75 0 12.8 .89 
Aerosol OT 17 35 48 21.1 1.1 5 3200 
- 
'5 aminopropyl- 
t r ime tho xy 5 95 0 14 .,? .65 2 100 
silane 2.5 51.5 46 15.5 1.2 1 330 
Novabestos None 
None 
5.5 94.5 l) 0 3.4 .57 7 520 
3.7 60.3l) 36 4.7 .79 3 4500 
Novasbestos used as received, containing 5.5% oleate soap. 
Refer to page 10 for a discussion of  how tensile strength is calculated. 2) 
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coupling agent in glass fiber-reinforced composites) inhibits curing. 
IV. CONCLUSIONS AN3 RECOMMENDATIONS 
The feasibility of reinforcing polymeric structures with UAF has 
been demonstrated. The strength properties of UAF-reinforced composites 
have been found to be influenced by the following variables: length of 
the reinforcing fibrils, presence of conditioner or coupling agent on the 
fibrils and nature of the polymer matrix. These effects are certainly not 
surprising since they are well-known in the field of reinforcement with 
macroscopic-sized filaments and whiskers. Our UAF-reinforced composites, 
like the conventional composites reinforced with macroscopic fibers, display 
the expected improvements in properties on elimination of voids and on 
densification of the structures. What is surprising in the extra-long 
UAF-reinforced composites is that their strengths are not significantly 
higher than those of composites reinforced with MF/UAF mixtures. It is to 
be expected that the extra-long UAF, being the most flawless form of 
asbestos, should be considerably stronger on a psi basis than the MF 
asbestos bundles. A reasonable estimate for the ultimate tensile strength 
of UA?? is at least one million psi, considering that tensile strengths as 
high as 800,000 psi have actually been measured f o r  small diameter MF. Thus 
our composites reinforced with about 20 v/o UAF which have strengths of 
about 10,000 psi fall far short of their potential, utilizing less than 5% 
of the fibril strength. The fact that our isotropic UAF-reinforced compo- 
sites are somewhat weaker than the conposites reinforced by the commercial, 
’ 
oriented asbestos paper is almost certainly due to the orientation. Indeed, 
if unidirectional orientation of UAF can be achieved, a considerably stronger 
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composite should r e s u l t .  I n  t h e  technology of whisker re inforcement  wi th  
sapph i re  and m e t a l l i c  whiskers  i t  has been demonstrated t h a t  50% u t i l i z a t i o n  
of f i b e r  s t r e n g t h  can be  r e a l i z e d .  It should be p o s s i b l e  t o  u t i l i z e  50% of 
t h e  a sbes tos  f i b r i l  s t r e n g t h  by s e l e c t i o n  of t h e  proper  ma t r ix  material  and 
by o r i e n t a t i o n  of t h e  f i b r i l s  i n  the mat r ix .  
ment i t  should be p o s s i b l e  t o  ob ta in  composites having t e n s i l e  s t r e n g t h s  
g r e a t e r  than  100,000 p s i .  
Thus w i t h  20 v/o UAF r e i n f o r c e -  
I n  r ega rd  t o  f i b r i l  condi t ion ing  and f i b r i l - m a t r i x  bonding w e  have 
found t h a t  t h e  types of systems convent iona l ly  used wi th  MF asbes tos  are a l s o  
s a t i s f a c t o r y  f o r  UAF. Of p o t e n t i a l  i n t e r e s t  f o r  UAF re inforcement  i s  t h e  
oppor tuni ty  ( f o r  t h e  f i r s t  t i m e  i n  a sbes tos  re inforcement)  of ob ta in ing  complete 
U A F - m a t r i x  bonding on a molecular s c a l e .  
experimental  systems based on l i n o l e i c  a c i d  ( f r e e  a c i d  or  soap) ,  i n  which 
the UAF d i s p e r s i o n  i s  c a r r i e d  out w i t h  t h e  monomeric form of t h e  f i n a l  
p o lymer i c  matrix . 
W e  have demonstrated t h i s  i n  our 
W e  recommend t h a t  f u r t h e r  work on UAF-reinforced polymeric s t r u c t u r e s ,  
p a r t i c u l a r l y  from t h e  s tandpoin t  of a t t a i n i n g  t h e  h ighes t  p o s s i b l e  s t r e n g t h  
be  conducted i n  t h e  fo l lowing  areas :  
1. F i b r i l  o r i e n t a t i o n .  Since the  UAF are uniquely smal l  i n  diameter ,  
a t t e q p t s  should be made no t  only t o  t a k e  advantage of t h e  r e a d i l y  ob ta inab le  
h igh  a spec t  r a t i o s  i n  i s o t r o p i c  s t r u c t u r e s  bu t  also t o  o r i e n t  t h e  UAF f o r  
a n i s o t r o p i c  s t r u c t u r e s .  A s  noted above, f i b r i l  o r i e n t a t i o n  i n  a composite 
can r e s u l t  i n  a seve ra l - fo ld  improvement i n  s t r e n g t h  over t h e  comparable 
i o s t r o p i c  composite. This important p o i n t  should be thoroughly exp lo i t ed  i n  
f u t u r e  work. 
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i - 2. Condit ioners  and coupl ing agents .  klthoiigt; they  a r e  commonly used 
i n  g l a s s  f i b e r - r e i n f o r c e d  composites, coupl ing agents  and cond i t ione r s  are 
not  pu rpose fu l ly  employed in MF asbes tos- re inforced  composites. The i r  
u t i l i t y  i n  UAF-reinforced composites should be  explored w e l l  beyond our  pre-  
l iminary  tests. It i s  noteworthy t h a t  Novabestos, condi t ioned  wi th  sodium 
o l e a t e ,  g ives  very  s t r o n g  composites w i t h  phenol ic  r e s i n  d e s p i t e  t h e  f a c t  
it con ta ins  most ly  MF s p l i n t s ,  has only 10 t o  15% UAF, and i n  i ts  s t r o n g  
(or ien ted)  direction is only one-half t o  one- th i rd  as s t rong  as our unor ien ted  
papers  made from high-UAF content  (80% UAF) Aerosol OT d i spe r s ions .  We can 
t e n t a t i v e l y  and l o g i c a l l y  a s c r i b e  t h e  r e i n f o r c i n g  a b i l i t y  of Novabestos t.o 
the o l e a t e  cond t t ione r  on the s u r f a c e  of t h e  f i b e r s .  Oleate-condi t ioned 
f i b r i l s  should be  one of t h e  f i r s t  areas t o  be explored i n  f u t u r e  work. It 
appears  l i k e l y  t h a t  cond i t ione r s  (and coupl ing agents )  could p l ay  an important  
r o l e  i n  UAF-reinforced composites because of the very h igh  f i b r i l  s u r f a c e  
area/volume r a t i o  of UAF compared t o  macroscopic f i b e r s .  
3 .  -Monomers having  s p e c i f i c  adhesion f o r  UAF. It appears  t h a t  e x c e l l e n t  
matrix-UAF adhesion can  be promoted by e f f e c t i n g  t h e  d i spe r s ion  of MF t o  UAF 
d i r e c t l y  i n  a matrix precursor .  Nonomers should be  s e l e c t e d  o r  ta i lor -made  
which e x h i b i t  both good d i spe r s ing  a b i l i t y  (and correspondingly s t r o n g  
s p e c i f i c  adhesion fo r  UAF) and the  a b i l i t y  t o  form s u i t a b l e  mat r ixes  e i t h e r  
by homopolymerization o r  copolymerization w i t h  an a u x i l i a r y  r e s i n  p recu r so r .  
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